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IN T R O D U C T IO N
In the C om m onw ealth  of Pennsylvania, the m anual repa ir of 
potholes involves an annual expend itu re  exceeding $25 m illion, which is 
second only to snow rem oval in the m a in tenance budget. P rior to 1980, 
it was com m on practice for rep a ir crews to practice a “throw  an d  go” 
policy, w ith pa tch  m ateria l p laced in the potholes w ithout rem oving 
debris or loose m ateria l. Frequently , there was no com paction  at all or 
only m in im al com paction , often w ith the back of a shovel or truck  tire. 
Such repairs were typically short-lived. A crisis situation  gradually  
developed because the crews were unab le  to keep pace w ith the nu m b er 
of potholes th a t developed each spring. M any of the potholes were filled 
several tim es each season, which inconvenienced the public and  caused 
poor public relations.
A value engineering study (1) indicates th a t the cost of pothole 
repa ir th a t is repaired  with a “throw  and  go” policy is approxim ately  
$307 .68 /ton . A properly  repaired  pothole, because it needs to be 
repaired  only once, costs approxim ately  $65 .2 2 /to n .
This situation  caused the Pennsylvania D epartm ent of T ra n sp o rta ­
tion to review its m ethods of pothole repa ir. A com prehensive evalua­
tion  of cu rren t (1980) practice, m aterials, equ ipm en t, and  m anpow er 
u tilization  was undertaken . As a result of this evaluation , a new 
specification for cold stockpile patch in g  m ateria l was developed, a d o ­
it-righ t policy including a revised set of p rocedures was adop ted , and  an 
intensive tra in in g  effort was u n dertaken . In this paper, pothole p a tc h ­
ing is discussed as it occurs on state highways rang ing  from  low-volume 
roads ( <  400 A D T) to m ajo r expressways. It is assum ed th a t the p a tc h ­
ing occurs from  la ter w inter to spring as a result of the spring thaw . 
U tility patch in g  and  large-scale m echanized pa tch ing  are not included. 
This p ap er describes the results of studies conducted  by T h e  P en n ­
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sylvania State University for the Pennsylvania D epartm en t of T ra n sp o r­
ta tion  as well as the results of studies conducted  w ithin the D epartm ent.
PR OCEDURES
T h e  procedures described in this paper have been developed for use 
w ith cold stockpile pa tch  m ateria l or hot m ix. S tan d ard  w earing course 
hot m ix is used for pothole rep a ir when it is available; otherwise cold 
stockpile m ate ria l is used. Cold stockpile m ate ria l (2) is m ade with 
MC-400 cu tback  or MS em ulsions in a conventional hot m ix p lan t. 
T raveling  p lants or b lade-m ixed cold mixes are not perm itted  because 
adequate  quality  control is d ifficult to ob ta in .
Marking
M arking defines the am oun t of m ateria l th a t should be rem oved. T he 
crew forem an is responsible for decid ing how m uch pavem ent m aterial 
should be rem oved. M arking is a form  of w ritten  com m unication  b e t­
ween the forem an and  his crew, a way of leaving instructions for the 
crew so th a t the forem an can look after o ther operations. This step m ay 
seem trivial to some, bu t extensive p roduction  studies have shown tha t 
alm ost one-th ird  of the tim e available for cu tting  is lost because the 
worker opera ting  the pavem ent b reaker is w aiting for instructions.
In some cases, the fo rem an ’s estim ate of the w eakened area  th a t m ust 
be rem oved will change after the cu tting  begins, especially on severly 
distressed pavem ents. In those cases the forem an m ust review the c u t­
ting  operation  as it proceeds and  direct the person doing the cu tting  to 
enlarge or reduce the area as necessary.
Cutting
T h e purpose of cu tting  is to rem ove weak and  deterio ra ted  m ateria l 
so tha t there will be firm  m ate ria l around  the repair. R epairing  a 
pothole can be com pared  to repairing  a rust spot on a car. For the patch  
to hold, all of the rusted  m ateria l m ust be cut out. However, it is im p o r­
tan t tha t no m ore m ate ria l than  necessary be rem oved du rin g  cu tting . 
C u tting  excess m ate ria l is costly in term s of tim e and  m ate ria l.
V ertica l sides— A fter cu tting  is com pleted , the sides of the hold 
should be vertical. V ertical sides are im p o rtan t because they confine the 
patch  m ate ria l. T his confinm ent is an aid du ring  com paction  and 
prevents the p a tch  m ate ria l from  pushing out of the hole la ter under 
traffic loads (Figure 1).
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Figure 1. Confinem ent as a compaction aid.
S hape— T he hole does not have to be cut in the shape of a square. 
O ften an  L- or T -shaed  cut is m ore effective. T he cut should be m ade 
w ith a series of straigh t lines. An irregu lar or c ircu lar shape should be 
avoided. Because the bits on the cu tting  tools are flat, it is d ifficult to 
m ake a clean cut unless the cut is in a straigh t line. Excess m ateria l 
should not be rem oved, bu t the hole m ust be cut back to sound m ateria l 
(F igure 2).
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U sing  th e  c u ttin g  too l— T he cu tting  should begin at the center of 
the hole and  proceed to the edges; the m ateria l should be broken and  
loosened as the cut is w idened. T h e  cu tting  bits are sharpened  with a 
single bevel, and  the bevel edge of the bit should be po in ted  tow ard the 
cen ter o f the hole. By proceeding in this m anner, the d istu rbance at the 
edge of the cut will be m inim ized. T he practice of using the cu tting  tool 
to m ake an  initial cut to ou tline the hole should be avoided because it 
tends to frac tu re  the pavem ent on bo th  sides of the cut (F igure 3).
W hen the cu tting  is Finished, the edge of the hole should conta in  
sound, unbroken  m ateria l. If the cu tting  tool is w edged into the pave­
m ent or rocked back an d  forth , it m ay crush the stone and  crack the 
su rround ing  pavem ent. T he repair will not easily adhere to such an 
edge.
Studies conducted  at T h e  Pennsylvania State University have shown 
th a t the sharpness of the bit has a very strong influence on the ra te  of 
cu tting . T he cu tting  ra te  with dull bits is 30 to 40 percen t g rea ter than  
the ra te  w ith sharp  bits. A sharp  bit will also cause less pavem ent 
dam age. Crews should carry several spare sharp  cu tting  bits.
Figure 2. Cutting patterns.
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Figure 3. Proper cutting technique.
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C utting versus saw ing— At first, sawing appears to be an  attrac tive  
alternative to cu tting . However, it results in a sm ooth cut, to which it is 
difficult to bond  m aterials, especially asphalt-based  rep a ir m aterials. 
T here  appears to be little  advantage in expand ing  the use of sawing in 
pothole repair.
D epth of cu t— T he cut should be deep enough to rem ove all loose 
and  deterio ra ted  m ate ria l. O ften  this is a m a tte r of rem oving a th in  su r­
face layer. In  rig id  base pavem ents, it is im p o rtan t to rem ove all the 
loose m ateria l from  the bo ttom  of the hole, as shown in Figure 4. This 
layer of loose m ate ria l does not provide a bond, and  traps w ater and  salt 
tha t con tinue to destroy the concrete and  cause the rep a ir to fail 
p rem ature ly . If the loose concrete extends below the steel rein fo rce­
m ent, or if the loose m ate ria l cannot be com pletely rem oved from  the 
pothole, the rep a ir cannot be considered perm anen t; m ore extensive 
repairs will have to be scheduled. Failed or pum ping  concrete joints 
cannot be repa ired  successfully by the usual pothole rep a ir m ethods. 
W ater beneath  the pavem ent will push the rep a ir out of the hole if the 
slab works up  an d  down with traffic. T he rep a ir p rocedure shown in 
Figure 4 accep tab le  as a tem porary  m easure in the w inter, bu t the pave­
m ent should be scheduled for perm anen t repa ir as w eather perm its.
Figure 4. Deteriorated concrete pavement.
M ultiple surface trea tm en ts are an  alternative procedure for re p a ir­
ing potholes in th in  pavem ents. These repairs are generally m ade 
w ithout any cu tting  or cleaning. A rap id  setting  em ulsion or rap id  c u r­
ing cu tback  and  3 /8 - to 1 /2 -in  top-size stone are used to bu ild  up the 
repair. Such repairs are confined to low-volume roads.
Cleaning
T h e  purpose of cleaning is to provide a surface to which the pa tch  
or the tack ing  m ate ria l can  adhere. W ater, loose d irt, or debris m ust be
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rem oved from  the vertical faces and  bo ttom  of the hole. Loose pieces of 
pavem ent should be knocked from  the edge an d  the bo ttom  during  
cleaning. T h e  corners are h a rd  to clean, bu t they are particu larly  im ­
p o rta n t because they are the weakest area of the patch .
C om presed air delivered from  a blow pipe is the best c leaning 
m ethod  (Figure 5). T he  blow pipe directs the air stream  and  helps to 
dislodge m ateria l from  the corners of the hole. W hen com pressed air is 
available, it should be used for cleaning. A second low-pressure line for 
c leaning purposes m ay be added  to some compressors.
Figure 5. Cleaning with blowpipe.
C leaning the hole w ith com pressed air should always be done with 
the second line of the air com pressor. This will avoid in te rru p tin g  the 
cu tting  operation  and  will im prove productiv ity  and  p roduction . W hen 
this p ractice is not followed, p roduction  will be reduced  by 10 to 15 p e r­
cent.
Brooms do not work very effectively in the corners of the hole, and, 
therefore, p a rtic u la r a tten tio n  should be given to the corners du ring  
broom ing. Care should be taken not to fill up  the corners w ith debris 
w hen clean ing  w ith a broom . A stiff broom  is best because it helps 
dislodge loose stone particles.
Tacking
T h e purpose of the tack is to “w et” the old pavem ent so th a t new 
p a tch  m ate ria l will stick or bond to it. T ack  is not used w ith cold mix 
because cold pa tch  m aterials are m ade with a soft asphalt (cu tback  or 
em ulsion) th a t will stick w ithout heating . T he stockpile cold m ix used in 
Pennsylvania (2) is rich in asphalt and , if the hole is clean, it should self­
tack. A dding  tack to cold m ix m ay cause an excess of asphalt, which will 
cause the p a tch  to ru t and  shove. T h e  solvent in cu tback  tack can d ilu te
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the asphalt, perm itting  w ater to strip  the asphalt from  the stone, caus­
ing raveling an d  shoving.
E m u ls io n — Slow-setting are p referab le  for tacking. T hey can  be 
applied  to a dam p  or wet pavem ent. T he em ulstion cures partia lly  by 
evaporation , bu t it will stick to dam p  surfaces. H ot mix m ay be applied  
against the em ulsion im m ediately, as long as the em ulsion is properly  
applied  in a th in  film . Em ulsion m ay be applied  by b rushing  or spray­
ing, b u t it should not be poured  from  a can. Pouring does not give even 
coverage and  produces a thick film . A cceptable m ethods of app lication  
are sum m arized in Figure 6.
Figure 6. Proper tacking techniques.
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C u tb ack — In the w inter or early spring, an  RC-250 cu tback  m ay be 
used as a tack. It m ay be sprayed or b rushed  on; pouring  is not accep­
table . C utback  m aterials are the least desireable tack ing  m aterials 
because they are difficult to hand le  w ithout heating  and  because the sol­
vent can  soften the patch .
H o t asp h a lt cem en t— H ot asphalt cem ent is generally not available 
d u ring  w inter m onths. It is not an  effective tack m ateria l unless it is 
sprayed onto the edge of the repair. H ot asphalt cem ent should not be 
poured  from  a “ta r p o t” because the ra te  of app lication  canno t be con­
tro lled  and  excess m ate ria l will be applied .
Q u a n tity  of m a te r ia l— T he adage “the m ore the b e tte r” is not a p ­
p ro p ria te  for tacking m aterials. T h e  tack should form  a th in  film  on the 
old pavem ent. H ot asphalt cem ent poured  from  a can is not accep tab le 
because it cannot be applied  thinly enough. Excessive tack  m ate ria l, es­
pecially if not given tim e to cure, is often the cause of a b leeding or 
shoving patch .
Filling
T h e  next step in the rep a ir p rocedure is the filling of the pothole. 
W hile this step appears sim ple, it can  con tribu te  to poor perform ance if 
it is not done properly. T h e  pa tch  m ate ria l should be shoveled into  the 
hold from  the ta ilgate of the truck. P atch  m ate ria l should not be raked 
off the ta ilgate  into the hole because this m ay cause the pa tch  m ateria l 
to segregate. Loose m ate ria l should be tam ped  into the corners and 
edges. T he b lade of a shovel is an  effective tam p ing  tool, as shown in 
Figure 7.
T h e  pa tch  m ate ria l should be p laced  in even layers un til there is 
sufficient m ateria l m ounded  above the surface of the pavem ent. It is 
very im p o rtan t tha t enough initial m ateria l be p laced  in the hole so tha t 
after final com paction , the surface of the pa tch  is slightly above the 
pavem ent surface.
Potholes which are deeper th a n  5 to 6 in. should be filled in m ore 
than  one lift. Lifts thicker than  5 to 6 in. are  difficulty to com pact.
M aterial m ust not be spilled onto the old pavem ent. T his will lim it 
com paction , as shown in Figure 8. Excess m ate ria l should be shoveled 
from  a ro u n d  the hole d u rin g  the first few phases of the roller.
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Figure 7. Proper filling technique.
37
Figure 8. Spillage outside repair.
Compaction
C om paction  is one of the m ost im p o rtan t steps in the rep a ir p ro ­
cess. If the m ateria l is not adequately  com pacted , it m ay push out of the 
hole; com pact u nder traffic, causing a depression in the hole; or ravel 
out of the hole. It is im p o rtan t th a t the m ateria l be com pacted  against 
the edges of the hole to prevent raveling, w ater dam age, an d  shrinkage 
betw een the repair and  the old pavem ent.
T h e  first few passes should be used to p inch  the p a tch  m ate ria l into 
the hole. Subsequent passes should be m ade over the m iddle of the hole. 
A few passes with the outside edge of the roller on the inside edge of the 
pa tch  help to push the p a tch  m ate ria l against the edge of the holes. 
W hen there are ruts in the road , the roller should be ru n  across the 
road , if possible, ra th e r than  down the road . T his will m inim ize the 
tendency of the roller to b ridge the ruts, as shown in Figure 9. W hen 
com paction  is com pleted , the finished rep a ir m ust be slightly h igher 
than  the original pavem ent. T his will ensure th a t the roller is “push ing” 
on the p a tch  ra th e r than  b ridg ing  the repair, as shown in Figure 10. 
This po in t is very im p o rtan t: the au thors found  th a t most of the dishing 
experienced in the field was caused by poor com paction  resulting  from  
insufficient p a tch  m ate ria l in the hole.
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Figure 9. Transverse rolling.
Edge Sealing
T h e purpose of edge sealing is to keep w ater from  p en etra tin g  the 
jo in t betw een the pavem ent and  the repair. T h e  cost effectiveness of 
edge sealing is questionable and  its use m ay be m ore cosmetic than  
functional. In Pennsylvania, it is used at the d iscretion of the district e n ­
gineer.
H ot asphalt cem ent, em ulsion, or RC cu tback  can be used for edge 
sealing hot m ix. H ot asphalt cem ent m ust be heated  in a m elting  un it. 
Em ulsion or cu tback  should be b lo tted  with clean sand or fine screen­
ings. Coarse stone should be avoided because it can dam age car w in­
dows. Dust and  d irt shoveled from  the side of the road  should not be 
used, because they often conta in  too m uch  fine dust.
39
Figure 10. Proper filling of hole.
40
Edge sealing can  be done by m aking  a skin pa tch  aro u n d  the edge 
of the hole. RS-2 and  CRS-2 (3) em ulsions are satisfactory for this tech ­
n ique. RS-2 an d  CRS-2 em ulsions m ay set before they can  be brushed  or 
broom ed out. If this happens, the ir use should be discontinued.
SS-1 and  SS-1h em ulsions can  be used to pa in t the edge of the 
p atch , ra th e r than  to bu ild  up  a skin pa tch  as w ith RS-2 an d  CRS-2. 
SS-1 and  SS-1h em ulsions should be broom ed or b rushed  out to avoid a 
bu ild  up  of m ate ria l on the surface of the pavem ent, and  they should be 
sanded to prevent track ing  and  to help seal the surface.
It is im p o rtan t to avoid excess liqu id  when edge sealing, especially 
w ith cold p atch . Excess liquid  can soften the pa tch  and  lead to b leeding 
and  shoving. W hen an  overlay is p laced on a pavem ent, the excess li­
qu id  m ay also soften the overlay.
E Q U IPM E N T
A detailed  evaluation  of a wide variety of equ ipm ent th a t can  be 
ad ap ted  to po tho le repa ir was m ade in the field by Penn State re ­
searchers. Pothole rep a ir equ ipm ent is used in the following areas: c u t­
ting  or hole p rep ara tio n , m ixing, transporting , cleaning, tacking, and  
com paction . T h e  equ ipm en t was evaluated  w ith respect to cost, re liab il­
ity, productivity , and  effectiveness. T h e  prim ary  conclusion tha t was 
draw n from  the equ ipm ent review is th a t new and  exotic equ ipm ent is 
not the answer to a cost-effective quality  repair.
Cutting or H ole Preparation
C utting  can be done w ith hyraulic, gas-operated , or a ir-opera ted  
cu tting  tools. T h e  gas-operated  m achines such as the P ion jar Model 
120, are lim ited  to asphalt pavem ents. A lthough it is the slowest of the 
th ree  types of tools, its slowness is com pensated  for by its m obility. It is 
not tied to a com pressor and , therefore, w ith a gas-operated  cu tting  
tool, the cu tting  opera tion  is independen t of the o ther operations. T he 
au thors do not consider sawing ap p ro p ria te  for pothole repair.
A nu m b er of in frared  or rad ian t heaters, such as the Poweray H eat 
and  Serve, are m arketed  for repairing  potholes. These unites apply heat 
directly to the pavem ent surface so tha t the surface m ay be leveled and  
rolled again. H ot m ix, carried  in a hot box th a t is p a rt of the un it, m ay 
be added  as needed d u ring  the repair. This equ ipm ent is best suited for 
repa iring  overlays, sm oothing and  b lending  of utility  cuts, and  leveling 
old patches w here the pavem ent is struc tu rally  sound b u t the surface is 
uneven. T hese pavem ent heaters effectively soften only the u p per pave­
m ent layer and  therefore do not p roduce a fu ll-dep th  repair.
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Mixing and Transporting
T he Pennsylvania D epartm en t of T ran sp o rta tion  does not allow 
on-site or stockpile m ixing o f p a tch  m aterials except in em ergencies. 
R eclaim ed m ateria l is not used for pothole repair, and  therefore 
reclaim ing  equ ipm ent was not reviewed d u ring  the research.
T o  ob ta in  ad eq u ate  com paction  it is im perative tha t hot m ix be 
held  at a reasonable tem p era tu re  (less than  257 F) un til it is used. This 
can  be accom plished by the use of hot boxes such as the Poweray 4TSU 
or the RGS T herm olay  units. In add ition  to keeping hot m ix at an  ac ­
cep tab le  te rm p era tu re , these units can  be used to w arm  cold m ix in cold 
w eather if the units are filled in the evening. T he D epartm ent m akes ex ­
tensive use of the 4TSU Poweray units.
Self-contained pa tch ing  units, such as the RGS T herm olay  un it, 
are useful for widely spaced potholes or for responding to com plain t 
calls. T h e  au thors have found  th a t the hydralic com pactors supplied 
w ith these m achines are ineffective, and  a small vibratory  ro ller such as 
an  Essick V30W -R should be used for com paction .
Cleaning
Studies conducted  by the au thors on m ore th a n  800 repairs show l it ­
tle difference in longevity of rep a ir betw een holes cleaned by broom ing  
and  those cleaned by air blowing. Air blowing is best accom plished with 
a 3-to 4-ft. blow pipe a ttach ed  to a hose fitted  w ith a dead  m an  valve. 
T h e  valve, together w ith a m axim um  air pressure of 30 psi, is an OSHA 
requ irem ent. T he blow pipe allows the air to be d irected  at the corners 
of the hole w ithout requ iring  the opera to r to bend  over.
Sm all blowers tha t can be m oun ted  on an o p e ra to r’s back were also 
evaluated  and  found ineffective for cleaning purposes. Blow torches and  
heating  devices are unnecessary as long as the hole is b room ed or air- 
blown free of w ater.
Compaction
P roper com paction  is essential to repa ir longevity. Sm all static 
rollers o f the 4-to 6-ton variety were found inadequ ate  for e ither cold 
m ix or hot m ix. A dditional purchases o f this roller for pothole com pac­
tion have been d iscontinued. Small vibratory  rollers, such as the Essick 
V 30W -R, are satisfactory as long as they are used in the v ibratory  m ode. 
T h e  Essick V 30W -R has the advantage tha t it can  be hung  from  the 
ta ilgate  of a dum p  truck. M ore com paction  effort is requ ired  for a p o t­
hole th a n  for a continous m at. A pproxim ately  twice the n u m b er of 
passes is requ ired , typically 8 to 10 passes (Figure 11).
Sm all v ib ra ting  p la te  com pactors, such as those often  used for soil 
com paction , will give accep tab le  levels of com paction . However, these
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units requ ire  a m uch  longer com paction  tim e th a n  the one or two casual 
passes used by the typical crew. Several m inutes of ru n n in g  tim e per 
square foot are usually required .
PR O D U C T IV IT Y
A pproxim ately  50 repa ir operations were studied  to evaluate crew 
productivity . D eploym ent to the work site, crew size, assignm ent of tasks 
to individual crew m em bers, and  equ ipm ent utilization  practices were 
also docum ented . From  these studies, the Penn State research team  was 
able to fo rm ulate  im p o rtan t recom m endations to the D epartm ent. 
Also, the dep artm en ta l p lann ing  standards, 6 ton s/d ay  and  4.73 m an- 
h o u rs/to n , were verified.
O n roads where potholes are num erous, the most significant con ­
clusion was th a t unless the crew is p roductionized, i.e ., each crew 
m em ber is assigned to perform  the sam e task on each pothole, p ro d u c ­
tion an d  productiv ity  goals will never be reached. An assembly-line a p ­
p roach  m ust be adop ted , and  crew forem en m ust dem onstrate  lead er­
ship skills.
C u tting  is the most im p o rtan t opera tion  in the rep a ir process b e ­
cause it establishes the pace of the crew. Forem en m ust rem ove all b a r ­
riers to cu tting  an d  keep the opera tion  m oving. In  the Penn State 
studies, the efficiency of the cu tting  opera tion  was reduced  by 30 p e r­
cent because of w aiting for instructions. Blowing debris from  the hole 
w ith an  air com pressor leads to an add itiona l 10 to 15 percen t loss in e f­
ficiency. M arking the boundaries of the repa ir and  sharp  cu tting  tools 
were observed to increase productive o u tpu t.
Figure 11. Growth curve for Essick roller.
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If cu tting  is continuous, the o ther operations will follow smoothly. 
In the Penn State studies, cleaning, filling, and  com paction  efficiencies 
were reduced  by 40 to 60 percen t because there was no hole available. 
Filling holes in m ultip le  lifts is also inefficient and  was p racticed  far 
m ore often  than  necessary. If cu tting  gets too fa r ahead  of cleaning or 
filling, the repa ir process will invariably slow down or stop. Since these 
operations take less tim e than  cu tting , delays are  most often associated 
w ith la te  m ateria l deliveries. C om paction  is seldom  a factor in reducing  
p roduction  and  productivity . However, com paction  was found  to be 
very erra tic  in term s of the nu m b er of passes.
T he  best crew size is five or six includ ing  the forem an bu t excluding 
persons for traffic control. L arger crews will m ean  th a t productiv ity  
s tandards will not be achieved. W here holes are  widely dispersed and  re ­
qu ire  travel betw een holes, the best crew size is three. P roduction  s ta n ­
dards canno t be reached, bu t productiv ity  goals can  be satisfied if the 
hole is com pletely repaired  in 20 m inutes.
M A TER IA LS
W hen it is available, conventional dense-graded hot m ix w earing 
course (V^-in. nom inal m axim um  aggregate size) m ix is used for pothole 
repair. W hen hot m ix is not available, cold stockpile pa tch  m ateria l 
(P aD O T  designation  485) is used. R eclaim ed m ate ria l, b lade-m ixed 
m ateria l, and  m ateria l m ixed on site are not used because it is im poss­
ible to provide adequate  quality  control.
T h e  cold stockpile m ix tha t is curren tly  used is the result of an  ex ­
tensive study by K andhal and  M ellott of the Pennsylvania D epartm ent 
of T ran sp o rta tion  (2). T h e  resulting  m ix design represents a com ­
prom ise betw een conflicting requirem ents (5):
Aggregate gradation. O pen g rad atio n  provides good w orkability, 
bu t dense g rad a tio n  improves durab ility .
Aggregate shape. R ounded  aggregate provides good w orkability, 
b u t angu lar aggregate is necessary for in-place stability.
Binder viscosity. Low b inder viscosity is necessary for storageability  
an d  w orkability, bu t h igher viscosity provides b e tte r cohesion after 
the m ix is in place.
Binder content. H igh residual b itum en  content is necessary to p ro ­
vide stickiness and  durab ility  of the asphaltic film  on the aggreg­
ate, bu t b inder content is lim ited  by the fact tha t excessive b inder 
will d ra in  from  hot mix w hen it is first p laced  into the stockpile.
G radation  on the 485 cold pa tch  m ateria l is as follows: 100 percen t 
passing 3 /8  in ., 85 to 100 percen t passing the No. 4 sieve, 10 to 40 p e r­
cent passing the No. 8 sieve, 0 to 10 percen t passing the No. 16 sieve,
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and  a m axim um  of 2 percen t passing the No. 200 sieve. T he  result is a 
w orkable, stable m ix tha t contains sufficient liqu id  to be self-tacking. 
P aD O T  B ulletin  26 details the specifications for this m ix and  contains 
recom m ended  testing procedures to insure low -tem perature w orkability 
an d  m axim um  allowable liquid  content.
Any an tistrip  additive used in cold p a tch  m ixtures should be 
carefully evaluated  with the job  m ix aggregate and  not a s tand ard  
reference aggregate. T he cu tback  producer should certify com patib ility  
o f his cu tback  w ith the job  m ix aggregate. O ne fu rth e r note: the 485 
cold m ix is p roduced  in hot m ix p lants using heated , d ried  aggregate. 
T h e  level of p lan t inspection is the sam e as requ ired  for hot m ix. T he 
cu rren t price for 485 cold m ix is approxim ately  $25 to $30 per ton. P e r­
form ance of this m ate ria l has been excellent, providing a tru ly  p e rm a­
nen t repair.
SUMMARY AND CO N C LUSIO N S
Long-lasting, cost-effective pothole repairs are possible w ith con ­
ventional m aterials and  equ ipm ent. Exotic m aterials are not a panacea  
for the pothole repa ir problem . To be effective, a do-it-righ t policy 
m ust be adop ted  and  it m ust be fully supported  by all levels of m a n a g e ­
m ent.
Cold stockpile mixes can be used for p erm anen t repairs. This is ver­
ified by the d a ta  shown in Figure 12, which are the result of observations 
of m ore than  600 potholes repaired  with cold m ix. T h e  key to ob ta in ing  
a long-lasting rep a ir is to use quality  m aterials, properly  com pacted  into 
a w ell-prepared hole.
Figure 12. Longevity of cold m ix repairs.
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